The purpose of this report is to outline the findings and recommendations of an ad-hoc committee of systems engineers and scientists with respect to the establishment of a National Systems Center (NSC). The committee concluded that there is a national need for a high-quality, independent, non-profit National Systems Center and that steps have to be initiated to establish such an entity. This report summarizes the developments to date (November 1, 1978) and is written for the purposes of (a) information dissemination to the engineering and scientific community and (b) to solicit criticism and suggestions for future plans.
-2-or tactical levels. A significant national need exists for basic and applied research in complex large scale dynamic and stochastic systems.
The available intellectual resources of the country are too fragmented by existing departmental and institutional barriers to address the complex and long range national needs and to provide technical advice to decision makers in matters of policy analysis and synthesis.
It is recommended that a high-quality, independent, non-profit National Systems Center be created to conduct both basic and missionoriented research in the general areas of large scale systems analysis, modeling methodologies, and tools for planning, design, and policy analysis and synthesis.
Such a center would constitute a national asset which is urgently needed.
To fully utilize the existing centers of excellence it is recommended that the NSC be a distributed entity, with an administrative office in Washington D.C. and several geographically distributed satellite centers.
In addition to in-house research the NSC should sponsor, organize, and carry out annual multi-week institutes to formulate relevant problems with close interactions between decision makers and research scientists.
These institutes will be held at different locations each year.
The initial funding for the NSC should be provided by the U.S.
Government, but should not be limited to the National Science Foundation (NSF). Stable long-range funding mechanisms for both the NSC and the annual institutes have to be found. Eventually the NSC should also be funded by foundations and private industry. The funds for the NSC -3-should be in addition to those currently provided to universities, nonprofit organizations, and private industry.
The caliber of the permanent NSC staff should be of the highest quality. Appointment to the NSC senior staff should involve the same scrutiny as, say, tenure appointments at major universities. 
THE SYSTEMS NATURE OF NATIONAL PROBLEMS
The systems problems at the national level may be divided into physical systems, sociotechnical systems, and information systems.
Energy, food, material and environmental issues present problems of finite resources and environmental capacity that must be dealt with while taking into account economic and political issues. As constraints become more binding, local subsystems become more interconnected. Local optimization can lead to very inefficient operation and even instability if the degree of interconnection and interdependence is increased.
Interconnected large scale systems can exhibit poorly understood behavior of a dynamic and stochastic nature. Although systems science and -5-engineering has begun to make contributions to some of these areas, the systems science discipline has not matured to a level where it can be used routinely to contribute to the solution of these complex problems.
In addition, there is a need to increased public awareness so that these large scale problems are viewed in their appropriate broad context.
A number of major problem areas exist at the national, regional, state and local levels which would benefit from the existence of such a systems center. These include power systems, communications systems, national defense systems, energy, pollution, resource management, food, health care systems, transportation systems, urban systems, industrial productivity and national-regional economic systems; to mention just a few. Policy and decision makers in the various sectors of our society need better ways to enhance their policy making abilities.
Models play an important role in the analysis of large scale systems. Short term and long term decisions depend on the notion of a systems model. This may simply be a mental model in the mind of a decision maker or a simulation model stored in a computer. It may be an analytical model, which is a mathematical expression whose solution exhibits characteristics of the system in question. Several thousand models exist today which are designed to help make specific decisions.
Attempts to interconnect them in various ad hoc ways to give more global insight generally lead to unreliable results. One consequence of this is that the credibility of models as an aid to decision making suffers.
The world is dynamic and stochastic. Unfortunately, most existing several executive and legislative agencies, to address the formation of a government interagency committee for "Large Scale System Analysis".
It is hoped this committee will encourage and guide the evaluation and assessment of existing and planned models and methodologies illuminating those areas most in need of development. The committee plans to recommend research in systems analysis, modelling and decision making to the National Science Foundation and other governmental agencies and organizations. It intends to foster the development and maintenance of a facility for the exploration of policy alternatives. This facility will include a library of simulation models, decision tools, and data banks.
Another specific area in which complex systems arise, can be found by examining military command, control, and communication (C 3 ) networks. Industrial support for university research has been limited and there seems to be a continuing decline in university/industry cooperation. Information dissemination seems to be fragmented; specialists talk to specialists, publication of new research results is often delayed. There is a lack of appropriate -9-educational materials, not only for university students, but also for the public at large. Universities do not have access to most existing models of complex systems, either due to a conscious effort on the part of the model builders or simply incompetence in the area of documentation and validation. High quality software for model estimation, specification, and optimization generally is not available and not easily transferred.
PROPOSAL FOR A NATIONAL SYSTEMS CENTER
We have seen that a national need exists in the area of complex interacting and interconnected physical, engineering, social and economic systems. The National Systems Center would have a number of major responsibilities which could help alleviate some of these problems.
There is a need to evaluate existing theories and describe in detail the need for additional basic and applied research in the area of complex, large scale systems. It could examine limitations of present models of large scale systems and delineate in an objective fashion the areas of applicability. It must identify education and information dissemination needs and provide the user with the most appropriate tools and best information for policy and decision making.
The National Systems Center would have four basic activities:
basic and applied research on large scale systems, (2) basic and missionoriented research on complex models, (3) education and information dissemination, and (4) unique institutional services. This is a task which is greatly needed and is inadequately handled by existing institutions.
The salient characteristics of basic research to be carried out by the National Systems Center include; breadth of scope addressing methodological issues that cut across alternative approaches, a pluralistic attitude which searches for fundamental underlying principles in the study of large scale systems, an exploratory philosophy with the objective of generating interest in research topics both among researchers across the country and in funding organizations, and a focus toward future needs as opposed to review of past problems. Research at the National Systems Center would strive to develop interplay between realistic problems and basic research. These are vital for the development of relevant theories.
It is dangerous to enumerate at this time which large scale systems research topics would be appropriate for NSC. However, let us try to name several as examples of large scale systems research appropriately handled at the center.
(1) Credibility of information, distributed data bases, incomplete information, delayed information.
(2) Characterization of uncertainty-impact on policy analysis and synthesis. Group decision making theories.
Although NSC should undertake both methodological and model development, emphasis should be placed on methodological development, not on the building of models which carry NSC labels. Methodological development may proceed in four areas.
1) Established methodologies including assessment, evaluation, and guidelines for applicability.
2) New methodologies including assessment, evaluation, identification of current and future needs, and formulation of research objectives.
3) Model verification including definitions and procedures.
4) Model validation including research into precisely what con-
stitutes validation and how it can best be carried out.
NSC will need to have access to models in support of methodological research and should be encouraged to take a pluralistic attitude toward modeling approaches. It should provide a forum for creative dissent -12-concerning alternative modeling approaches.
It will be important that NSC maintain models for use by its staff and others and therefore would end up serving as a "foster parent" for models developed elsewhere. This implies that models residing at NSC must be transferable and adequately documented. NSC would provide opportunities for adequate testing and verification and these models will be generally accessible for research. It will be possible to provide some sort of peer review as with most other scientific contributions.
A systematic accumulation of experience, development of data on the models, and set of case studies will be undertaken. NSC can serve as The committee has found little opposition to the need for more basic and applied research in the area of complex physical systems, which is the main area of research of the proposed National Systems
Center. Most of the sceptiscism has been directed toward the activities of the proposed NSC with respect to complex national models.
Many systems engineers tend to view both systems-dynamics based models and econometric based models with a great degree of scepticism.
They freely admit that the available tools are inadequate and that more basic research on the methodology of modelling has to be done. The committee feels that the NSC can indeed contribute to the development of such a modelling methodology. However, the right mix of staff (modellers, -14-economists, decision makers, mathematicians, systems engineers etc.) is not enough; one has to have a suitable "laboratory" to reconcile available philosophies as reflected in the models.
Some, but not all, modellers view the modelling activity and "model peer review" with concern. The committee appreciates their vested interests and concerns. Nobody will be forced to provide his model to the NSC. For those who do, there will be a mutual benefit since their ideas will contribute to the development of a future "modeling science"
even though their models have certain shortcomings.
INFORMATION DISSEMINATION, AND EDUCATION INSTITUTES
The unique educational function of the NSC will be carried out at various levels. The NSC will provide the environment for constructive interaction between members of different constituencies such as government, academia and industry, who are all concerned with addressing specific national needs. It will provide a forum for decision makers and model users through which they could address the research community, and also provide a means for constructive interaction with researchers.
It can foster constructive interaction between proponents of alternative approaches to large scale system problems and can develop educational programs and aids for government, industry, universities, public consumption and private organizations.
One specific suggestion for a research and educational activity of the NSC is the development and operation of annual institutes. The The institutes are envisioned as being annual affairs in which the key problems are studied in depth by a selected group of researchers, decision makers and users. They would be multi-week meetings including a staff of core participants and part-time participants. The location of the institutes would change from year to year. The idea of an opportunity for in-depth study on both tutorial and research levels in an environment conducive to uninterrupted in-depth discussion is an appealing one and is a format for education and information dissemination not presently used in the systems community.
The fact that these institutes will alternate locations can be very useful to both state and local government officials, local industry, and neighboring universities. Local decision-makers and researchers alike can only benefit from the occurrence of such well organized colloquia.
The committee feels that in the short-run C3 years) the organiza--16-tion and funding of such institutes, carrying the NSC label, will be the easiest and most appropriate way of getting started. However, a great deal of thought and preparation has to be given to the organization and agenda, as well as to the staffing of such institutes; at least a year of careful planning and preliminary research has to be carried out.
The committee feels that these annual institutes are necessary but not sufficient. The outcome of an institute will be a report that "may gather dust". The existence of the NSC will provide the necessary follow-up to the institute findings through additional research, so that influence upon the public and private sector is maximized.
ORGANIZATIONAL ASPECTS
The committee devoted very little time to the proper organizational aspects of the NSC. It recognized that a much more in-depth study of the organizational design is required. However, such an organizational design requires time commitments and funding not available at this time.
Due attention to the organizational design of the NSC is necessary Extramural research is carried out through RFPs that are problem specific with a narrow focus and mostly short range in nature. Time constraints, in the preparation such RFPs, and in the responders to these RFP's, often preclude the use of state-of-the-art technology.
The National Academies of Science and Engineering have the ability to bring together, for short periods of time, top experts on a wide range disciplines to make analyses and recommendations on current issues. They often identify research needs, but do not conduct the research. This is quite different than the Academies of Science of other countries. There is nothing to suggest that the American Academies will change this mode of operation.
An individual university, which conducts substantial research activities in a variety of areas, cannot command the resources of the national systems community for a sustained long-term effort. Existing university departmental organizational structures do not provide necessary incentives for the faculty to engage in serious long term interdisciplinary research of the type needed for the resolution of largescale systems problems. Industry also conducts research, but its goal is related to a profit motive. One could argue that there is indeed a profit motive in the solution of large-scale systems problems. Nevertheless it is very difficult to justify a particular company spending the kind of money and effort that would be required to resolve such problems.
-22-Professional technical societies rely on volunteers. Committees can be organized to draw upon existing knowledge and make recommendations, but certainly cannot be expected to conduct research and development.
Non-profit organizations, as they presently exist, cannot command the top intellectual -resources of the national systems community for a sustained long-term effort. Moreover, they are not geographically distributed in a way needed for the success of systems research efforts.
The above dicussion points out the conclusions which must invariably be drawn when examining the existing alternative institutional structures for conducting the work of a National Systems Center. The National Systems Center would essentially be a non-profit organization with an organizational and geographical structure that would permit this type of work to be carried out. It is envisioned by the Ad Hoc NSC Committee that the eventual institutional design for the National Systems Center would indeed be some form of a non-profit organization.
The National Systems Center, as conceived above, would be a unique national resource because of the combination in one organization of two key attributes. 1) A primary emphasis on development and documentation of methodologies for decision making and policy analysis and syntheses in those national and regional problem areas where a comprehensive systems description or knowledge is essential. 2) A sustained, stable, and sufficient effort by top researchers and experts in the systems and policy fields cooperating with universities, industry, government and other research organizations to affect a major advance in the state-of--2 3-the-art of this field.
The distinctive attributes of the proposed National Systems Center include the accumulation of models and case studies, peer review which will contribute to experimental evidence of data essential for defining methodolgical research, development of guide lines or standards for model documentation, and availability of advice to decision-makers on the state-of-the-art in large-scale systems studies. Strong interactions with the systems community will ensure that the most appropriate methodology is used in any mission oriented study. At the present no such institutional structure exists in the United States. The National Systems Center will address issues in more depth than the Academies of Science or Engineering, and with a more holistic flavor than is carried out by existing research institutes, industry and universities. NSC will have a focused basic research component and the research findings will be accessible and widely disseminated.
Thus the Ad Hoc NSC Committee believes there is an urgent need in complex national systems which requires a new organizational structure to carry out basic and applied research in the areas of large-scale systems, modeling, policy analysis and policy synthesis. The proposed National Systems Center represents a unique match between national needs and organizational design.
FUTURE PLANS
The ad-hoc NSC committee feels that its reccommendations should receive wide dissemination before any additional formal steps are taken. -25-
